Does the Production of Isoprene Affect the Productivity of Poplars?
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Future Climates

Objective

To determine how isoprene
production affects poplars’ ability to
photosynthesize across different soil
moisture and temperature conditions.

The American Southwest is predicted to become
warmer and drier. Research determining how plants and
ecosystems will respond to those changes has important
implications for the health of ecosystems, carbon and
nitrogen cycles, and agriculture.1 We chose to study
poplars due to their importance in the biofuel and paper
agroforestry industries.
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Poplars were divided into four groups:
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All poplars studied were planted in a common garden
in hopes of reducing environmental variability and to
better control treatments.
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A LI-6400XT portable photosynthesis system was used
to measure leaf-level photosynthesis in a controlled
chamber over a range of temperatures while keeping CO2
and light levels constant.

Acknowledgements

Thanks to Ian Shiach for his assistance at the common
garden, Dr. Dave Moore and Dr. Russ Monson for
establishing the poplar common garden experimental
area at Biosphere 2, and Dana Tomlinson and DaNel
Hogen for their mentorship throughout the summer.

Isoprene Producing
Low Water

Isoprene Knockout
Low Water

of

Day Make

a

Difference?

Our original data suggested that, even though conditions were controlled at the
leaf level, the time of day that the poplar was measured may have affected its
rate of photosynthesis, suggesting that whole plant acclimation might play a
role. We measured the same trees at two different times to test this hypothesis.
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In the morning, poplars
reach higher rates of
photosynthesis, but their
rate of photosynthesis
decreases faster as leaf
level conditions get warmer.
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Three trees per treatment were measured.
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The low and high water treatments did not truly differentiate water stress levels
in the poplars. Soil moisture data (not pictured) also supported this claim. A
possible explaination could be that poplars use their roots to share water.
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Conclusion: The common garden setup is not currently able to produce the
water treatments required. Trenching between trees may solve this problem.

The water condition did
not have a clear effect
on the poplars’ ability to
photosynthesize.
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Discussion

Our results do not support the claim that isoprene production benefits the photosynthesis
rate of poplars in either warmer or drier conditions. So why did our hypotheses fail?
Was the source of the issue related to the efficacy of our treatment?
Was there too much variability in our results? Could we have overlooked something?
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The isoprene knockouts
appeared to perform best
across warmer temperatures.

Poplars Actually Water Stressed?
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Poplars with the ability to produce
isoprene will have higher rates of
photosynthesis and reduced thermal
sensitivity under drier conditions than
those that cannot.

the

The more pressure it takes to draw water
out of a leaf, the more water stressed it is.

Hypothesis

Isoprene

Some poplars produce the compound isoprene, which
is thought to help the plant handle heat stress.2,3
Isoprene is also a greenhouse gas that plays a
complex and not fully understood role in atmospheric
chemistry.2 Our study included poplars with the gene
to produce isoprene both retained and knocked out.
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Isoprene is still not shown to
provide a photosynthetic benefit.
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Conclusion: Our results are still not able to replicate the isoprene benefits
described in the literature.2,3 Due to high plant to plant variabilty, a larger sample
size may be needed.

This material is based upon work supported by the
National Science Foundation through the Robert
Noyce Teacher Scholarship Program under Grant No.
0934785. Any opinions, findings, and conclusions
or recommendations expressed in this material are
those of the author(s) and do not necessarily reflect
the views of the National Science Foundation.

